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( ' VI) svstem that 



F\' : ( ) BK SOLVHI): To provide a pi, 
hmh lilm quality improvement effect 

K >N Reactive gases are pumped into the reacl'.on ciiammer ol a 
1 \ ; !) system 1 provided with an upper electrode 20 and a lower 
!e "2. and the gases are reacted with one another in a plasma 
lere !■ form an oxide film on a substrate (\ Specifically, a reactive pas 
ed of anv one of tnethoxysilane. telraethyiorlhosilicate or 
>\\ sibine as an organic silane material, and either ol nitrous oxide 
>r owuen is pumped as oxidizing agent Further, both or cither of 
,n 2;. - and ammonia (NH3) gas or hydrazine (N2H4 ) gas is added to 
live - is A voltage with a frequency of 2 T M.Mz or above and 100MI 1/ 
\ is applied to the upper electrode 2<\ and a bias voltage with a 
ev of;.' iOkFI/ or above and H 5(A11 !/ or below is applied to the 



ccPvue .1. 



Thereby the ions of the 



auditive gas{es 1 



are accelerate^ 



m the substrate 6. 




1 ( ; • i s ;\ ;i 's 



1C2' 



httn ■ / 1 ' .') : 1 1 • A' res ,:t G^t3ii, nidin .\AA-\. "u^- 

earching PaJ 

; ; ),,\ . 'iv :l eM lor examination] 
|[ )j\ . \ :: : g the examiner's decision ol rcicc;;o;: 
[Km.: o;'t;::ui disposal of application other than the examiners 
Jl-o:- ■', lection or application converted regis'.ra'ion ; 
; ).;■.. , ' I: .1 disposal for application | 

;u.::.t CI i 
j 1 ).... . i> :: ation] 

|\ui; 'rcr 1 \ rpeal against examiner's decision o! rccc'.ior. | 
| Dale o:' requesting appeal against examiner's decision ol 
iv_]ec::o:i] 

|I ) t ite . 'c . i: etion of right] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

; 1 1: , document has been translated b> computer.*, the translation may no-. relkct the onpm.1 precisely 
; sh iv - the word which can not be translated 
3 In i;; c drawings, any words are not translated. 

Cl.MMS . 

ISnT'Iusma CVD equipment winch ,s eharaetcnzed by pnwidmg the following and which has a reaction chamber The up 
e J ' c- a mected to the RF generator mtu the aforementioned reaction chamber. It has «,c lower electrode coated o RJ 

ve sZ,£ and thev J either the tnetlv.ysilane as an orgame silane material, a teti aethv, orthochron. Uc s ^ 
, n 'no^la', e in the aforementioned reaction chamber. A meai,s to feed the rcactant gas wh,ch consists ot uthu a 
^ oxidizer, or oxvgen, and to add ether to the aforementioned reactant gas turther simultaneous m argon , At , gas. 

Z:^'^^^^^^ 1 <*~ rower hne period of RF Has power supply the power Ime penod rf 
l l^;;l^:ZmL limits of 27M1-1Z or more 100M1 Iz or less, and , within the lim.ts of 300kHz or more . ,,6MHz or 

lamn 3] It is Plasma CVI) equipment of the claim : whose power hne period of RF bias power supply the power hne penod of 
.,i>i; v ,,,, ovr is 40MHz and is 400kH/ , , , tT . , , 

■ I 1 S clannVwttch is w.th.n the limits of lOmTorr s, - | T «r. and is within the inmts wnosv .men a. ot an up e.eu.ode 
and a lower electrode is 20mm- 1 00mm eq.nps the pressure in a reaction chamber. , . s ,, 

jciam, < 1 l-ouipment of the claim 1 which adds simultaneously argon (An gas. ammonia (Ml. » gas. o, lndia/m. <\J 14 1 gas to 
the alorementionedreactantgas. , 

I Claim 61 Equipment of the claim 1 which adds argon (Ar) gas to the alorementioned reactant gas. 
(•!•„„,- F, u.pment of the claim 1 which adds ammonia (NI B) gas to the aforementioned reactant gas 
Clam. SI Hqu.pment of the claim 1 which adds hydrazine (N2H4) gas to the aforementioned rcaetan. gas. 
C ,'„ " How to generate an oxide film on a substrate by feeding reactant gas m the reaction chainbc, ot the plasma C M 
, to w hich has the up electrode and lower electrode which are characterized bv providing the ollow mg an, , nakm g Ik. 
^s react under plasma atmosphere. The triethoxysilane as an organic siiane material, a tetracthyl orthochromat.c s.heatc. o, eithu 
of trimeihoxA silane. Either the nitrous oxide (N2( )) as an oxidizer, or oxygen. ^ 
[Claim 101 It is the method of a claim 9 that the power hne period ol a RF generator is within the l.mits ol ,7,)MH/ 
1 <m\ V \-> ('- less and the power line period of RF bias power supply is 400kHz. 

[ Clam; 11 :i ;s Ihe method of a claim «) that the power line period of a RF generator is 40Mi Iz. am. the power line period o, Rl 

SIT" The ^mt reaction chamber is the method of the claim 0 which is within the limits of .OmTorns . - .Ton, and 
iswilUin tlie limits whose interval of an up electrode and a lower electrodes 20mm - 100mm. 
[Clam 1 3 ! The method of the claim 9 which feeds simultaneously argon (Ar) gas and ammonia (1M-I3) gas. 
Cla,m 14. The method ofthecla.m 9 which feeds simultaneously argon (Ar) gas and hydrazine ..s J 14) gas 
Iciami 1 51 The method of the claim 9 which feeds at least one kind of gas chosen Irom the group which consists ol aigon . A, , 
nas. ammonia iNH3) gas, and hydrazine (N2H4) gas. 
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[Detailed Description of the Invention) 

I c M >< 1 1 1 , , . ( ln(1 . t( , n i„, llvl f'VD cu'irment. burthennore, tins invention 

The •echnKal field to which invention belongs] tnis invention iclato to P'-ni I - ;; . 
Sc< ii> the high Plasma C VD equipment of the membranous tmprovemem eUU n 

lotKCj . , . thnv is n tr-ocess^vhieh loans the thin film of a silicon oxide 

I>escU» of the Prior Art] In manufacture o, a -con, ^^^—^ ,„,, lhlll n.„, Although there 
on the surface of a substrate. The chemical va P o, gioU, <l \ 1 t » p i ;lsma method in CVD. to the 

» '« * " 

i nunv respects -- film formation speed is quick. _ usetl ^e tall of a 

:^;:^Ide;; heat and evapo,,e and a reaction chamber is supped . ,,e ~ ga ; ^ 
,,mX>5| With increase of wiring density, vvtring stray capaci. > mere s^ 

glob- fattening becomes difficult with the overhang ol a lormatu ox u e , h U ^ - ^ n naUue () , t;)C reJuotlon 

example. C:F4. C2F6, etc.) addition plasma CVD method an ^ m J^ fi-cm hv the aloreiient.oned niethod. Si-F 
m thedielectnc constant of a multilayer mtereonnection and ■ > n >M - ^ , , ,vV < onseauetUlv. Si-( )H and H2<> occurs 
:>ti« « is included in an ox.de him. and .not ure mo ^bsoq > ° ' ' ™ ^ bllilv , s m ' ihc fllm , tseit ; and moisture will 
-a Problem that membraneous qua the e,ec,,ca. property of 



requir 
excel- m n;.mv i 

K n 



ind there 1^ a pro mem uiiu nicmui an^i- M ^»^ v ^ 

be made to penetrate easily if a film with much content moisture ,s ; "l™^ ^ ^^^^thV becomes unstable wtth the 
devices, such as degradation of hot carrier resistance and a shih , S URLSS > U , < ^ ^ ^ ^ 

no.siure m a film. Furthermore, since the moisture incorporated m the ,1m p, oduces 1 



nioi 

desn 



; in a nun. i uiuiwiuv'iv, — . ill 

id are not cut at a next sputtering process, it is not very Uesuanie_ resistance oxide film is 

|. -i For this reason, the fonnation method ol the reduction in a d, da ni, ^.t ■ ^ 0NlJc fllm 1S 

Lrehed tor strongly. The method of mtrodue ng a ^^^^ ^t ,^ the Utethoxys.lane system of 
n-t-oned the place by pre sent. Howeve, , t^,ne ^^^^ ( ^ or ^ the Si-F combination ,n an ox.de 
reactani gas with parallel monotonous type C VD tMugle ^cO cquiim oxiJe film deposited in 

film „!! be unstable, and membraneous quahtv will detenoiate^F ^ > 1 e } ^ inemhrancs xve ,e famed by 
the e; ;;cie,i; consumer response (electron cyclotron resonance) A D y u.u , he ^ x ^ c 

s,l 4 t r o'-re ictant gas and quality membraneous quality is obtained. Flow.vci, lioi. iik m,u 
li !■ i;;^. ionance^C'VD system has a problem „, cost, and cannot ,e used un.vcs.Hly. 

|SU to be Solved bv the Invention] Thereto,,, the purpose of this invention is oITcnng the plasma CVD equipment wh.ch 
has the high membraneous improvement eftect 

the loner electrode coimected to RF bias power s, PP ly. n Uk . .^n k ^ ^ xvhich consists of ether a 

s.lane material, a tetraefhvl orthochromatic silicate, or ei her o nn ho^.K. T "t c . . chaniae n/ed b> 

n,trou> ,.x„ie , N20) as an oxidizer or oxygen .s ted. r u, men no, u s ^ ; d • ; ■ ■ . , N , , 3) , as . or 

hax uic a means U ) add either to the aforementioned readmit gas Minultuneo .is in ai g' i , 

h\di\i/i:;e ;N21 14) gas. . . (in1 .<T_T v ,„. i.,^ „ u i wy bias newer supiih has the 

^w™.. 
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.MHz. and RF bias power supply has - RF ^as-power-supoh frequence 4< Oki Iz 

, , r»s * Mln<- - r\") cu iipincnt otihis mvoniion hi 

d, ,w u re. ction chamber (chamber, 1 • - »s a ; . . ; ■ : ^ 4 1 wh.c:, arc tnc proOuas 

• .ml supports the shower eleeiiode-* . ■ J~ ■ t - _ <h , ; ,. :cno: . sl:l1 ace ol tongue \Mth an 



made *.<n .luninum and are penetrated ^^'^'Z^ winch ,r,presse> ^rcquenev voltage u> the s.wut 
M1 s U ! TV -1. 1 07v Let this be the up electrode .<„ a. / • ^ :!■...•.,,„..,. ele^ode 2 ■ is arranged, lac lower 
elect.. v.J^ formed. Face to face is stood ag -tst "^^^^^^^-ssiMe 1 rise and : ',11 |. and .t can change an 
elect: -- 1 t supported by the support _x arc. f^-n -- -- - " . 2 t s ; VW s .1 sapy o, plinth. A susceph r 22 isarranged 
;ul e: -,lcct: c.c interval. A sign 2o shows an ug;n ' ; ; " ^ ( , a slw;c p. ; , ;;. , n d the heater covering 2 > .s 

,n the ,,,k- - , art of a support 2>. the heater 1 ,s ^ ^ ^ :2 is c , nncc ;eJ to the RF Mas power suppb > 

fonncdin ! 'c cncumlerence ol a suscep.or am - 1 - . ^ ■ • 1: , rc , v ..;,„ processing, the gate >\ ot 

uh ,,. n ,;e ,,es RF bias voltage through a men m, v.t ana n , uhsI ,, lc 1S cameo in with 

" ... , , ,1,-out wav 50 established m the side Ko 0! a reaction c,a u ^ ; ; .. „ d( , scd and ,,ter making 

: s:,; i -,lu lavs mtlK upper surlacc abl^ uu:^^ 
^^-h, . ■ reaction chamber ,nto a p,cde,ennnW depce , u = h ^ ; . p ^ ^ ^ ^ j 

heate: . am: ii "he substrate laid in this become^ pre^ n u • r . =; a ^ :U)Z7lc 

, JJltl . „• g . , v ill be fed in a reaction chamber Irom uads ,4 am. . (>. 

secnen ?0 h. m the micropore 41 of a shower elcctm^ _ morc p ,0M!i: cc less The frequency of the RF 
I.Hillj :n -a:: invention, the frequency ot RF gc.e.a, . . 1 s : a _ b , , :)KU 1a ln such low lrequency. 
L.„er.!...r bv the up eleeu-ode of conventional piasma I VI) tquipn.uU u as.i ^ ^ lhc s;llcon „ KlJc film 



inch 1- a property good enough is not obnnneo c ^ -n a ^ , c ucncv banii is easv handling, and ,s 

m;n nierain:e of equipment ]. Compared w,th m:c,o^e (.4^ 

eca„-,e it , ,,H comparatively [ in cost ] cheaper N V ' ^^^^^ in e pc, ,od higher than be .ore for 

, r ,, c . ■• being able to extend or narrow |>h.-w«. ' ^ hl - ll > i nt , .. ls1v \ v .„ up an d ,ncnib.ane lbin.ation speed 
. Img - is u«d. Thus. ,f a h,gh, r v T H„e peruK ,t^L P rsrn - - > ^» . ^ ;m , at , SU1CC ;he colhs.on of the 
sunk ,-,., al in the high-vacuum statc xv.il v ith a substrate Consequently, the 

-:;::r:s:;:So^ 

, Ki wn .,M]:'l-e concentrated around an elcctiode. ,t docs not move o u d -b ; ri , clectI , )Jo 

\ ipi , Kd ,. :1 substrate side bv impressing RF The frequency' of the RF bias power 

en cuur/can x is pulled toward a substrate side by this s ett-l ^ ^ ^ ^ . ,. , lsv lo g Cnc ,,te the injur, bv plasma 

sur nl v ha d.es,rable within the limits ol M 0kl:k - I^M^. ^ equeivy lnahcr than 1 3.56MH/. is not acquired on 

JL f cquencv of less than 300kHz. and the e.lect ^^^.!^ , 2 between the RF bias power supply > 
• :Ki - arises, .t is not desirable. It .s ocsn b le to on n th. W -k . ^ jn {> ^ elcomKlc side 



the o;'"e; h inu -- ar ses, it is not desiranic. 11 - • , r .|, 1S]I1 lim er eiecuout .^n^ 
ml -—.or 22. The reason for ^^^^^^^ -de-f„m configuration fonned of 

,„ni 1 : jrawinu 2 (A) uses only a silicon alkox.oc l'^\ UiUhoxyM^K UKi. . >; ^ lippcl , limU 



, ;> r .,ying2 (A) uses only a silicon alkox.oc "^^"^ conventional method, the uppe, -limit 

in .^^Ui ie thod using the single trequency ol 1 , ..m,MHz ^ 'd »t vvirin g of <U5 micioineters or 

penphen- -non of an oxide film — s and n bec.n s vei u g^ ^ m c(ml , nnal ^ Slde , a „ 

ess „ vou! (opening) occurs [ the covering eonligu, auon o. J oxak nr ^ .,,though the covenng configuration 

thickness = wiring one. and global llattenmg b f^ ^^!^^ v f,e 2 cvc.e method for impressing the RF 

of the o-„dc film formed on wiring shows direc.iy.ty_ (sul w all th.ckncs ,i., „ ving 2 ( H). m a process 0.35 

nVoiU-uKv dilVerent. respectively to an up electrode and 0 lower leu sh.- — ^ iboul UK)um . Phereforc. the 

inipre . eiiKm :n membraneous ol the sieie-auaeniueia 

o2 shows wring and 64 shows a silicon ox.de for a substrate respec nc.y ,. v cvaluale d. The pusher cooker 

„„, 1, | i h , water permeability of the plasma oxidation him lormcd by, eye. ex . . 2 00,„n ofl'SC. films on 

PtV'ne.h.Hi yva used for the appra.sal method. An evaluation sam, Me . s ,1 e ^ J;^ n js [M ,;> r tins 

s. h>, , d oeposited 200.nu of nhasma oxidanon , nts to c va tra e on n A - ^ m _ u tt 1S 

... in .;cr the temperature ol 121 degrees t. . '"0- h.-iud..,- ana ■ n 20cm -l neighborh.Hxl is 

p- : . : V,d before and' after an examination, and a.sorbance change o - no n. U lUat thc „„nsture of a 

L-xatcl ^hentlnsP=()combma,,on decreases u 1 c ( ,nnectu,w K 

plasn;a ox.ianon film , penetrating on the 1'St; film formed bv 2 cycle excitation 

)raw,nu- ^ is the property view showing penne ble ey alt at 0, 0, he 1 ilbsorbancc u f F=( ) combination 

CVrTPrlyytng 3 (B) shows test time to a honzor.tal axis, an s h s ^the , , o • • - COIlvcnlu , :la , 1 - . i < )S , smglc 

a-- ! V^^ r ca.ax,Ittu,,s ( ^ ,bou, a 

c\c!c 1 Ah ^\ ' reaching to d0% or le^ c\ui it t.K i-^.iui . 
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lnd , a ; E ::l:a for W hours to the time when the , v!*,-en. ol water pei./eaHli'v .-v a>s-,,e efl-O combmauon 
•„„.,. ,s 5 : ■ less being 2<J hours >s shown . , ; ^ ct] , m 

-' J:; ' v: J ' J JlU ' , >! ; - ', \r:*lT*<. ***** , . Snr y Hold ffieY s;i>wn K ** mara^i , has beer, 

cert...... .,«,-.:.! -1 membrane tonnaUon , - ™ ■ J : _ fif ^— m in lh , 

used ;i mover m this invention, the lonnei o, a . a., on .mcss.u is ,ow i ,,;.,„„; lfl . 

". . , , ,..u bv ** i„ dravvin* 4 > winch also tended 'he electrode spaung .ftmn o: more, t )n the othu ha ,. .1 ,t 



field i -Id own bv ** in drawing i which also cvor.ded the electrode s|mo.il .vau., ■ *» • 

■^^r^^ * 



U 



nr-i^-j l eorode spacing and low \ oka tic cr:\A:\\^.i?>. - . , 4 lt u .\ V1 . 

; ; ■ , n Consequently, fonnation otthc o,de film which was exc/. .,- in levo udere.we covering na re , , v 
the mcreaL in the amount o, vertical-component ,m reared lor ,* s^h, o :c plasma elect:, 4,scha,g. 
under t! o 1 -u voltage bv improvement in plasma Jer.sitv and formation ol a direc'ive h.r - ;v is flamed 

" V ,as output dependencv over the etch rate .he plasma ox.dat.on nl, lomico -, ^1?- ^ ^ 
V) s sh .n. The sample film fonned membranes by -he roac.an, gas rftncd»«p*l«e . ,d « mu-m.s oxide, and piox.s , ■ g 
, : ' o ', a -ho fluoric add of 1 ,» 1. ,um>.,:t 'hat an etch rate will fall if the oxide '.Im l-med -uh wh.ch ,vessu,c band also 

..^..s - a, an etch rate also falls with the increase :n a bias output t.iri • . ar.u a l. n, makes ,. precis 
.ooi - ■ ^ r,:,,ng membrane fonnation gas mix argon gas, and impressing b.as in l-ner at.on bin, .onnai.on. cspecalr, 
snuttc-nig and membrane formation advance simultaneously and a step coverage is imp:.* ed. 

I to is h • addition gas chosen from the group which consists of ammonia, a :nc: a,mc. ano. an argon can be ,cd m a u. a, on 
'ia ,-c. -a, r ,s toother or separate.v w,,h the rcactant gas which consists oft.e.hoxv.Iane and ni.rous-oxnle gas It it lccd> 
^■,r w • , cactant .as. the aLve merni rancous ni.provement eflect, will bo act no i s ,nu:ta,:coush w„b ,ne„ b an, 

, vl^ \r^^n, him Addi, : ,>„ gas can also be used afcr mcmrran, >, M n , a p.us ua t , s 
Him because of the surface treatment ol tins nhiv The complc.elv same membraneous improvement eltc. as t ,c ah, vc is a.qu.ud 
also w li'.i tb.e surface treaUnent after membrane formnti :-n. , , 

,o| v • Vs :l,r .he pressure of the reaction chamber at »'te time ofperlbnnmg membrane ionrmtmn processmg. ,t ,s Ocsu bl, th 
,s u in,, the hm ts of lOmTorr - lOTorr. In conventional plasma CVI> ec.urpmcnt. nrombrane lorma , on process , s an cd 
u, bv ' e -electrode [ 10mm 1 bv the pressure of M ni Torr(s, using the Rl-generator hco iency ol 1 .> ><»MI i/.. the stable clcct.K 
T^^^ ^^Z* bui mos! menbranc fonnation speed u.ll become zero ( m diopter hand. In t,,s .nvcm.on snice 
ZuLl : is ,„,,ressed to a lower electrode while imping the RF-genera,oi voltage o: 2 Ml-,/ * to an up elect-ode a m 
hi,h n,cn,.,a„e formation speed can be al.ained also bv ,hc pressure of lOmTon. As lo- reaction chamber m.oma: ess, . m 
tlns.mention.it.sdestrabletomamtamtheunem.loranupelec.axleanda 

within ihe'.nmts of 10mTorr(.s) - lTorr again. -k —md 

| Po .r,Nll lx RF emi be impressed to an up electrode, a 400kl Iz RF ^ 

ne^br ncs ci n be formed to the wafer supported bv ,he lower electrode 3. 2 cvcle esc.tation plasnia ( VI) m o,hc,d acco.d , g w 
s n c: lod u the 13.56MHz conventional plasma CVO me,hod. 13.56MH,. and b.as nivorcssion -- comparing - h.g -dc, ^ 
! s— Ci n obtain - order - the s.hcon ox.de which has a taper cov erage configuration can bo lonned or. wiring In the law 
UuaUon film fonnation after 64MDRAMs, „ become , difficult to embed bebveon wiring by ^ l«e- an ce,^ bv. ed.,uon 
,!o, cs nr ; c m 25-micrometerrule) of the space between w.rmg bv the convention silicon oxide / S( K, hln, ihcon ox.de 

J,;,'- :,, all improvement of the coy cage confguration of a silicon oxide ,> neode 1. With the equipment ol this mvemio . a 
■ o,d '-ccdaucc s laver msulut.on film can be lonned also in the above-mentioned stracture oe.wecn three lavas bv ^tt.np up 
cicc ; : r : r .p :vsslon trequencv to 40M1 1/ which hits about 3 tunes over the past, and impressing 4(>0kl 1/ bias to a owe, 
ekvlr. vc s;dc 

'Si . .. the invention] According to this .nvent.o,,. as oxpla.ned above, self-bias is fonml in a substrate s.de. and KT bias can 
be impressed now from a lower electrode so that the ion in plasma may he accelerated and incidence can be earned ,h 1 1, a 
substrate Fo, tins reason, the film propertv of an oxide film and membnmons hv g roscop„,.y can be made to imp ov by add.ng 
Cher lo the rcactant gas which consists of either \ either the tnethoxvsilane as an organic s,,ane material, a te.raetlnl 
^oolaoi.ia.ic sihcafe or tnmethoxys.lane and | a nitrous ox.de as an oxid„e, . or oxygen simultaneous m argon gas. am.non.a 
nas. oi avc: a/me gas. and carry ing out acceleration incidence ot these ion to n at a suhsti a,c 
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